Abstract PROVENCHER, VÉ RONIQUE, VICKY DRAPEAU, ANGELO TREMBLAY, JEAN-PIERRE DESPRÉ S, AND SIMONE LEMIEUX. Eating behaviors and indexes of body composition in men and women from the Québec Family Study. Obes Res. 2003;11:783-792. Objective: To put into relationship the dietary and anthropometric profile of men and women with their eating behaviors (cognitive dietary restraint, disinhibition, and susceptibility to hunger) and to assess whether gender and obesity status influence these associations. Research Methods and Procedures: Anthropometric measurements (including visceral adipose tissue accumulation), dietary profile (3-day food record), and eating behaviors (Three-Factor Eating Questionnaire) were determined in a sample of 244 men and 352 women. Results: Women had significantly higher cognitive dietary restraint and disinhibition scores than men (p Ͻ 0.0001). In both genders, scores for disinhibition and susceptibility to hunger, but not for cognitive dietary restraint, were higher in obese subjects than in overweight and nonobese subjects (p Ͻ 0.05). Positive correlations were observed between rigid restraint and most of the anthropometric variables studied (0.12 Յ r Յ 0.16). Moreover, in women, flexible restraint was negatively associated with body fat and waist circumference (r ϭ Ϫ0.11). Cognitive dietary restraint and rigid restraint were positively related to BMI among nonobese women (0.19 Յ r Յ 0.20), whereas in obese men, cognitive dietary restraint and flexible restraint tended to be negatively correlated with BMI (Ϫ0.20 Յ r Յ Ϫ0.22; p ϭ 0.10). Discussion: Gender could mediate associations observed between eating behaviors and anthropometric profile. It was also found that disinhibition and susceptibility to hunger are positively associated with the level of obesity. On the other hand, cognitive dietary restraint is not consistently related to body weight and adiposity, whereas rigid and flexible restraint are oppositely associated to obesity status, which suggests that it is important to differentiate the subscales of cognitive dietary restraint. Finally, counseling aimed at coping with disinhibition and susceptibility to hunger could be of benefit for the long-term treatment of obesity.
Introduction
Obesity is a major public health problem in developed countries, and its prevalence has steadily risen (1) (2) (3) . Previous studies have shown that nutritional education combined with eating behavior therapy is necessary to improve the effectiveness of obesity treatments (4) . To identify eating behaviors related to obesity and the management of body weight, questionnaires have been developed to describe human eating behaviors. Over the last decade, one of the most widely used scales in behavioral research has been the Three-Factor Eating Questionnaire (TFEQ) 1 that was constructed by Stunkard and Messick in 1985 (5) . This questionnaire was developed to measure cognitive dietary restraint, disinhibition, and susceptibility to hunger. More recently, other researchers have used the TFEQ to define more specific subscales of eating behaviors (6, 7) .
Numerous studies have examined eating behaviors in relation to gender, obesity status, dietary patterns, and weight loss success (8) . In general, studies have shown that women have higher cognitive dietary restraint and disinhibition scores than men (9, 10) . Studies have also reported that obese subjects generally display higher scores for disinhibition (6, 9, (11) (12) (13) and susceptibility to hunger (13) (14) (15) than nonobese individuals. It also has been suggested that disinhibition and susceptibility to hunger are positively associated with energy intake (11, 13, 16) , whereas cognitive dietary restraint is generally negatively correlated with energy and dietary fat intakes (13, 17, 18) . Studies have reported that higher cognitive dietary restraint seems to be a predictor of weight loss (12, 14, 19) , whereas disinhibition would be the major determinant of weight gain or weight regain after weight loss (12, 14) . However, most of these studies have been conducted in individuals who were enrolled in controlled weight loss interventions and not in a "real-life" uncontrolled context. Furthermore, to our knowledge, the modulating effects of gender and obesity status on the associations of eating behaviors with anthropometric profile and food patterns have not been well documented. Finally, even if numbers of papers have reported data on eating behaviors, only few studies so far have examined subscales of eating behaviors as described by Westenhoefer et al. (6) and Bond et al. (7) . These subscales are of particular interest because they allow refinement of definitions of eating behaviors by representing distinct aspects of cognitive dietary restraint, disinhibition, and susceptibility to hunger.
The main purpose of this cross-sectional study was to address whether eating behaviors and their subscales would be associated with anthropometric variables and dietary intakes in a sample of men and women involved in the Québec Family Study (QFS). More specifically, it was hypothesized that, in subjects not involved in a controlled weight loss intervention, cognitive dietary restraint may not be related to the anthropometric profile, whereas its subscales (flexible and rigid restraint) could be oppositely associated with adiposity and fat distribution indexes. It was also hypothesized that gender and obesity status could modulate the associations of eating behaviors and their subscales with anthropometric profile and dietary intakes.
Research Methods and Procedures

Subjects
The QFS was initiated at Laval University in 1978 (20) . The primary objective of this study was to investigate the role of genetics in the etiology of obesity and related cardiovascular risk factors. The families involved were recruited through the media and were all French Canadians. The participation was voluntary, and all subjects signed an informed-consent document. The study was approved by the Medical Ethics Committee of Laval University.
TFEQ
A French version of the TFEQ was filled out by 596 healthy adults (244 men and 352 women) from QFS. The TFEQ is a 51-item questionnaire developed by Stunkard and Messick in 1985 (5) . Its purpose is to assess three factors related to cognitions and behaviors associated with eating. These factors are cognitive dietary restraint, disinhibition, and susceptibility to hunger. More precisely, cognitive dietary restraint is the intent to restrict food intake to control body weight (21 items; score ranging from 0 to 21). Disinhibition is an overconsumption of food in response to a variety of stimuli, such as emotional stress, associated with a loss of control on food intake (16 items, score ranging from 0 to 16). Finally, susceptibility to hunger refers to food intake in response to feelings and perceptions of hunger (14 items; score ranging from 0 to 14) (5). This questionnaire has been validated, and all three of its scales had good test-retest reliability (5, 21, 22) .
More specific subscales for these three general eating behaviors have also been determined, as suggested by Westenhoefer et al. (6) and Bond et al. (7) . First, cognitive dietary restraint has been divided into rigid and flexible restraint (7 items for each subscale; score ranging from 0 to 7), as proposed by Westenhoefer and colleagues (6) . Rigid restraint is defined as a dichotomous, all-or-nothing approach to eating, dieting, and weight, whereas flexible restraint would be a more gradual approach to eating, dieting, and weight in which, for example, "fattening" foods are eaten in limited quantities without feelings of guilt (6) .
Disinhibition has also been divided into three subscales (habitual, emotional, and situational susceptibility to disinhibition) as suggested by Bond and colleagues (7) . Habitual susceptibility to disinhibition describes behaviors that may occur when circumstances could predispose to recurrent disinhibition (5 items; score ranging from 0 to 5). Emotional susceptibility to disinhibition defines a kind of disinhibition that is associated with negative affective states (3 items; score ranging from 0 to 3), whereas situational susceptibility to disinhibition refers to a type of disinhibition that is initiated by specific environmental cues (5 items; score ranging from 0 to 5). Susceptibility to hunger has also been divided into two specific subscales (internal and external locus for hunger) (6 items for each subscale; score ranging from 0 to 6) as proposed by Bond and coworkers (7) . Internal hunger refers to the type of hunger that is interpreted and regulated internally, whereas external hunger is triggered by external cues (7).
Dietary Profile
Subjects quantified foods and drinks consumed using a 3-day estimated food record, which included 2 week days and 1 weekend day. A nutritionist explained to each subject how to complete their 3-day food record and encouraged them to continue to consume usual amounts of typical foods and beverages. After completion of the record, the nutritionist reviewed it with the participant, and nutrient intakes were calculated with a computerized version of the Canadian Nutrient File (23) . To take into account the possibility of underreporting, cutoff limits were used, as proposed by Goldberg et al. (24) . These cutoff limits have been developed to identify subjects with a reported energy intake below 1.35ϫ basal metabolic rate (BMR) because such an intake cannot be representative of long-term habitual intakes. A measurement of resting metabolic rate (RMR) was performed by indirect calorimetry for all subjects involved in our study. Although an RMR value for a given subject is generally slightly higher than BMR value, a recent study has shown that the Schofield equations overestimated BMR value; thus, this predicted BMR was unsuitable, especially among obese populations (25) . Accordingly, in our sample, predicted BMR was slightly higher than measured RMR (data not shown). For all these reasons, it was decided to use RMR in our calculations because this value was actually measured, whereas BMR would have been estimated. Therefore, in our sample, subjects who had reported energy intakes that fell below 1.35ϫ RMR were excluded from the analyses involving dietary variables. The percentage of energy (kilojoules) derived from proteins, carbohydrates, and dietary fat was also calculated.
Indexes of Adiposity and of Body Fat Distribution
Body weight, height, and waist circumference were measured according to standardized procedures recommended at the Airlie Conference (26), and BMI was calculated. RMR was obtained by indirect calorimetry measurement. Measurements were performed over a 30-minute period by using an open-circuit ventilated-hood system. Body density was obtained from the mean of six measurements from the hydrostatic weighing technique (27) . Before immersion in the hydrostatic tank, the helium dilution method of Meneely and Kaltreider (28) was used to determine the pulmonary residual volume. The percentage of total body fat was determined from body density with the equation of Siri (29) . Finally, to quantify abdominal fat accumulation and crosssectional areas of visceral and subcutaneous accumulation, abdominal adipose tissue areas were assessed by computed tomography using a Siemens Somatom DRH scanner (Elanger, Germany) as described previously (30) . The computed tomography scan was performed between L4 and L5 vertebrae.
Statistical Analysis
Student's t test was used to compare means of physical characteristics, dietary profile, and eating behaviors between men and women. To determine the obesity status of our subjects, we classified subjects into three categories of BMI. Subjects with a BMI below 25 were considered as being nonobese. Those with a BMI between 25 and 30 were classified as overweight, and subjects with a BMI Ն 30 kg/m 2 were considered obese. Differences regarding the distribution of the obesity status among men (32% nonobese, 41% overweight, and 27% obese) and women (41% nonobese, 25% overweight, and 34% obese) were observed ( 2 ϭ 17.1; p ϭ 0.0002), which justified the performance of further analyses according to the obesity status. Therefore, an ANOVA was performed to assess differences between means of eating behaviors in nonobese, overweight, and obese men and women. In the presence of a significant group effect, Duncan's tests were performed to determine which of the groups were significantly different. To quantify the univariate relationships of eating behaviors and their subscales with anthropometric variables, Spearman correlations were performed in both men and women and in subgroups formed on the basis of the obesity status. Because significant associations between eating behaviors and BMI have been reported consistently in the literature (6,9,11,13), it was decided, therefore, to perform BMI-adjusted correlations between eating behaviors and dietary variables. The probability level for significance used for the interpretation of all statistical analyses was set at an alpha level of p Ͻ 0.05. All analyses were performed by using SAS statistical software (SAS Institute, Cary, NC). Table 1 shows that men had higher weight, waist circumference, and higher visceral adipose tissue (VAT) than women, whereas women had greater body fat and subcutaneous adipose tissue (SAT) than men. Moreover, in subjects who reported valuable energy intakes, it can be observed that men had higher energy intake than women.
Results
Results presented in Table 2 indicate that women had higher cognitive dietary restraint and disinhibition scores and higher scores for flexible and rigid restraint and higher scores for habitual and emotional susceptibility to disinhibition than men. The predominance of rigid restraint behaviors, which was determined by dividing rigid restraint score by the summation of rigid and flexible restraint scores, was also higher in women than in men.
It can be seen in Table 3 that disinhibition in both genders and susceptibility to hunger in women were positively associated with all anthropometric variables studied. Susceptibility to hunger in men was significantly associated with BMI, percentage of body fat, and waist circumference. Cognitive dietary restraint was not associated with any of the anthropometric variables studied in either men or women. However, when cognitive dietary restraint was divided into flexible and rigid restraint, a positive correlation was found in men between rigid restraint and SAT area. In women, rigid restraint was positively and significantly related to all anthropometric variables studied. Moreover, flexible restraint was negatively correlated with body fat and waist circumference, but only in women.
After exclusion of subjects who reported implausibly low energy intakes, actual energy intake expressed as a multiple of RMR (EI/RMR) was compared according to gender and BMI classes. No gender differences in EI/RMR were observed, but obese subjects had lower EI/RMR than nonobese subjects (obese ϭ 1.7 vs. nonobese ϭ 1.9; p Ͻ 0.05). Table 4 summarizes intercorrelations between eating behaviors and dietary variables after controlling for the potential confounding effect of BMI. Cognitive dietary restraint was negatively associated with reported energy intake and proportion of dietary fat in both genders. Only in women, flexible restraint was negatively associated with reported energy intake, whereas disinhibition and habitual, emotional, and situational susceptibility to disinhibition were positively related to reported energy intake and to the proportion of dietary fat in the diet. Susceptibility to hunger and internal hunger were positively associated with reported energy intake in both genders. Finally, external hunger was positively associated with the proportion of dietary fat in women, whereas internal hunger was positively related to proportion of dietary fat in men. Figure 1 shows that cognitive dietary restraint was not different among the three categories of BMI in both genders. However, obese men exhibited a higher disinhibition score than overweight and nonobese men. Obese women also displayed a higher disinhibition score than overweight women, who, in turn, had a higher score than nonobese women. Finally, both obese men and women had a higher degree of susceptibility to hunger than overweight and nonobese subjects.
Furthermore, it is shown in Figure 1 that all groups of women, irrespective of their obesity status, had higher scores of cognitive dietary restraint than nonobese, overweight, and obese men. Gender differences in disinhibition were also observed in nonobese and overweight subjects, with women having higher scores than men. Accordingly, a significant interaction between sex and BMI categories was observed for disinhibition (F ϭ 5.84; p ϭ 0.003). Regarding the susceptibility to hunger, obese men had significantly higher scores than obese women. Disinhibition was positively related to BMI in nonobese (r ϭ 0.29) and obese (r ϭ 0.28) men. There was also a positive association between susceptibility to hunger and BMI in overweight (r ϭ 0.20) and obese (r ϭ 0.36) men, whereas no association was observed among nonobese men. In women (Figure 3) , cognitive dietary restraint (r ϭ 0.20) and rigid restraint (r ϭ 0.19) were significantly associated with BMI, but only in nonobese women. Disinhibition was positively related to BMI among nonobese (r ϭ 0.40), overweight (r ϭ 0.26), and obese (r ϭ 0.19) women. As in men, there was also a positive association between susceptibility to hunger and BMI, but only in overweight (r ϭ 0.33) and obese (r ϭ 0.21) women. Table 5 summarizes the intercorrelations among eating behaviors in men and women. In both genders, positive associations were observed for cognitive dietary restraint with flexible restraint and rigid restraint and for disinhibition with rigid restraint and susceptibility to hunger. Negative relationships were observed between cognitive dietary restraint and susceptibility to hunger, between disinhibition and flexible restraint, and between susceptibility to hunger and flexible restraint in men, whereas no such association was observed in women. Finally, cognitive dietary restraint was positively related to disinhibition, but only in women.
Discussion
Our finding that disinhibition and susceptibility to hunger were positively correlated with BMI and total body fat are concordant with other studies (6, 9, (11) (12) (13) (14) (15) 31) . We found no relationship between cognitive dietary restraint and body fatness indexes. These results are also concordant with some studies (6, 9, (11) (12) (13) (14) . However, negative relationships between cognitive dietary restraint and BMI have also been reported (6, 15, 19, 32) . In fact, results from a weight loss intervention conducted by Foster and coworkers (19) showed a negative relationship between cognitive dietary restraint score and BMI measured before treatment. In addition, it was observed in that study (19) that a greater increase in cognitive dietary restraint was associated with a significantly larger weight loss, whereas only a weak positive relationship was noticed between decreases in disinhibition and weight loss, which led to the conclusion that an increase in cognitive dietary restraint was a stronger predictor of weight loss than a change in disinhibition (19) . It is important to emphasize that the weight loss treatment in that study consisted of a very restrictive diet combined with cognitive behavioral treatment. Therefore, it is not surprising that subjects who achieved larger weight losses were those who were able to increase their restraint to follow the prescribed diet. Thus, cognitive dietary restraint seems to allow successful weight loss on a short-term period but may not necessarily promote weight maintenance on a long-term basis.
In accordance with Westenhoefer et al. (6) , our results suggest that it is important to differentiate rigid restraint from flexible restraint. In fact, we observed different relationships depending on the type of cognitive dietary restraint studied. Whereas cognitive dietary restraint was not related to anthropometric variables, we noticed discordant correlation patterns for rigid and flexible restraint. Positive relationships were observed between rigid restraint and some anthropometric variables in both genders, whereas flexible restraint was negatively associated with body fat and waist circumference, but only in women. Thus, unclear relationships between cognitive dietary restraint and BMI could be explained by opposite effects of rigid and flexible restraint.
Moreover, according to Westenhoefer et al. (6) , high rigid restraint is associated with higher disinhibition, suggesting that an individual following a strict and rigid diet could be more vulnerable to losing control over eating. Our results in men and women corroborate these findings. Westenhoefer et al. (6) also suggested that high flexible restraint is associated with lower disinhibition. Correlation analyses performed in our sample of men were concordant with this observation, whereas in women, no association between disinhibition and flexible restraint was found. Therefore, a more flexible restraint behavior could be a factor contributing to the avoidance of the loss of control (disinhibition), but this would be true only in men. It can also be suggested Table 2 for a detailed description of eating behaviors presented in this figure.
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that flexible restraint could be associated with a more favorable body weight regulation, especially among obese men in whom a negative association was found between flexible restraint and BMI. Thus, these results allow us to suggest that gender may have a modulating effect on intercorrelations observed among eating behaviors. Gender differences observed for eating behaviors in our study are concordant with other studies that have found higher scores for disinhibition and cognitive dietary restraint in women than in men (6, 9, 10, 17) . Moreover, flexible restraint, rigid restraint, and the proportion of rigid to total restraint were higher in women than in men. Accordingly, Carmody et al. (9) have reported that women in our society have more often greater concern about dieting and body weight than men. In addition, classification of our subjects according to their BMI allowed us to demonstrate that gender differences in cognitive dietary restraint and disinhibition were observed for all BMI classes, except for disinhibition in obese subjects. More specifically, cognitive dietary restraint was higher in women than in men, irrespective of the obesity status. It appears that women consciously restrict their food intake more than men to control their body weight or to promote weight loss, even if BMI is in the normal range, which is concordant with previous studies (9, 10) . In these regards, De Castro et al. (17) observed gender differences in factors that motivate cognitive dietary restraint. In women, cognitive dietary restraint appeared to be related to the fear of gaining weight, whereas an actual attempt to lose weight would motivate restrictive behaviors in men. Our results, which showed that both BMI categories and gender are modulating the relationships between eating behaviors and BMI, underlined the complexity of these associations. For example, although a positive relationship was found between rigid restraint and BMI among nonobese women, no such association was observed among overweight or obese women or among men. Also, in both genders, hunger was associated with BMI in overweight and obese subjects, but not among nonobese individuals. Because of the cross-sectional nature of these associations, it is not possible to determine whether eating behaviors are causally related to BMI. However, these results may suggest that individuals could respond differently, according to their BMI and gender, to interventions aimed at modifying eating behaviors to prevent weight gain or achieve weight loss.
Validity of reported energy intake was taken into consideration in our study following principles of energy physiology proposed by Goldberg et al. (24) . Even if we excluded subjects whose reported energy intakes were implausibly low compared with their energy needs, we still found a significant difference in EI/RMR according to obesity status, obese subjects having lower EI/RMR values than nonobese subjects. This could suggest that obese individuals are less physically active or have relatively lower energy needs than nonobese individuals. In addition, we cannot exclude the possibility that obese individuals are more likely to underreport their food intake to some degree, as suggested by Goris et al. (33) .
Regarding dietary variables, our results suggest that men and women with a more restrictive behavior are consuming less energy and dietary fat. Moreover, a more flexible restrictive approach toward eating seems to be associated with lower reported energy intake, but only in women. As defined previously, people with high cognitive dietary restraint intentionally restrict their food intake to control body weight. Therefore, it is possible that these people are more preoccupied by their food intake and could then actually eat less food. We cannot exclude the possibility of some underreporting by restrained eaters, as suggested by Bathalon et al. (34) , although we had excluded subjects with obvious signs of underreporting. In both men and women, higher scores for susceptibility to hunger and internal hunger were related to a higher reported energy intake, which is concordant with previous literature (11, 13, 16) . It is interesting to notice that higher scores for disinhibition and for habitual, emotional, and situational susceptibility to disinhibition were related to higher reported energy and dietary fat intakes, but only in women. These results suggest that gender may modulate the association between disinhibition and food intake. Finally, because the potential confounding effect of BMI was removed from these correlation analyses, significant positive associations observed could not be attributed to the obesity status.
In conclusion, we found significant gender differences in cognitive dietary restraint and disinhibition scores and a modulating effect of gender on the associations between eating behaviors and anthropometric profile. We also found that obese subjects had higher disinhibition and susceptibility to hunger but similar cognitive dietary restraint scores than nonobese individuals. Therefore, it appears that a higher cognitive dietary restraint is not associated with lower body weight, although a trend for such an association was found among obese men. Our results also suggest that it is important to differentiate rigid restraint from flexible restraint because unclear relationships between cognitive dietary restraint and BMI could be explained by opposite effects of rigid and flexible restraint. These findings provide further support to the concept that any intervention focusing exclusively on cognitive dietary restraint, especially rigid restraint, may not be optimal for the long-term control of body weight, particularly in women. However, in both genders, it remains to be established how eating behaviors are causally involved in the relationships observed. Further studies are needed to investigate the clinical efficiency of weight management programs focusing on the ability to cope with disinhibition and susceptibility to hunger rather than solely on dietary restraint.
